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-(54) High bearing pressure-resistant member and production process therefor 



(57) A high bearing pressure-resistant member 
used as a rolling element forming part of a toroidal con- 
tinuously variable transmission for an automotive vehi- 
cle. The high bearing pressure-resistant member is 
formed of a mechanical structural steel containing Cr. 
The mechanical structural steel includes a matrix hav- 
ing at least one of martensite structure and bainhe 
structure. The matrix contains carbide having a mean 
particle size of 3 \w\ or less, dispersed and precipitated 
in form of at least one of generally spheres and pseudo- 
spheres 
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Description 

BACKGROUND OF THF lNVFNT| pN, 

[0001 J This invention relates to a member applied as a motive power transmission part requiring a high deoree of 
%ZZ££ZT*? the manner - 9— a " d faring rolling elements, and more'partfcuCto a Signing 
ZTZ 8 8 Pr0dUCti ° n Pr0C6SS °' 5UCh 8 h ' 9h bearln9 Pressure-resistant member that is suitable 

^^wZSStT™ " Semi - hi9Menlpera,Ure ,0 "^P-ture environment, ,of roughiy within a 
[0002J A motive power transmission part ol the prior art like that described above is used after subjecting to surfece 
ZSZETTE 88 u rt>Ur,28,i ° n 8nd Cart>0 " i,ridl "9 navi "9 * «• b— materia, (matrix) meSa i struS 

TeZZTJ? f Cr4 f ° H 81661 (Chr ° m,Um St88,) and SCM420H 8teel (chromiurrvmolybdenum steei) defined in 
JIS G 4052 (structural steel materials having guaranteed quenching). ue.ineo in 

BCCOmpanying the n '9 her en 9' ne 0Ut P ute and reduced size and weight of parts used in. for exam- 
fh^^ri ? T reCent J* ars ' the loads bei "9 to motive powertransmission parts is tending to increase?and 

S bearing presSra^ 08888 °' ""^ " ^ ,em P eratures <™9hly 3000 * lower) and under 

K1L r^° U9h th6re i8 ' f ° r f f amp ' e ' the meth0d of n, 9"- densl «y carburization treatment, which improves temper 
SS^^t 88 8 re8Ul, 01 ' nCreaSln9 h8fdness by a9flress,ve P^»ation of Fe 3 C (cenenme?** a method of 
uTrT^n m "^f 6 "^ °' 6UCh PartS ' Cem8ntite b SUSCeptible to Potation in the form of a coarse Sflc- 
Tn^Ztl^ T £ „ ° Unda 7 dUrin9 carburi2atto "' ^ 0,6 «■« (cementlte) precipitated in regular 

SrTngTh 8fy re8U ^ qU6nCh C,BCkln9 ^ n0t ° nly ,0wers tenaclt * but also decrease rolling fatigue 

KS MSD^ TZ^ZTV??* 0 - m6th0dS °' P reci P |tet, "9 carblde us '"9 steels containing Cr. Mo. V or W as 
rXJ^nw m Sem , Kh '9 h to high-temperature ranges. Although these methods resuit In improvement of pitting 
resistance and rolling fatigue service We at semi-high to high-temperature ranges, since these steels contain taroe 

Slo 22* e, r em8, T addWon 10 ,he 0081 of th6base matartal (maw *> b ^ In 9 ^TZ^ZTo^Zl 

^ZtZ'Zr^ CUtt,n9 ' a0d th6 reS0,U "° n ° f SUCh Pr ° b,6mS haS b6en 8 t0p,C f ° r hlgh "earing pressure 
SUMMARY OF THE IMVFNnn N 

HSOL. H ' 8 !T f^ 0 ' th6 PrBSent ,nVentl0n 10 provWe 8,1 'mP'wed high bearing pressure-resistant member and 
« HarSques 9 ^ memt>6r ' Wh '° h eftecUve,y overcome drawbacks encountered In conventional sim- 

E??,. An0lh . 6r ° bjeCt °' We present ,nvention is t0 provide an improved high bearing pressure-resistant member 
rattaue P s ^h 0, P T ,UC,n »? ,h6 8am6 m6mber ' WhiCh hi9h beari "9 P«ssure-re 9 sistan. member has ^celnSace 

S„o?^ 8 ^ p ?r 98fr ^ 

and dlmZ 7 ^ 1 l ° Ca ' bear,n9 PreSSU,B 6XCeadS 3 GPB - Whl,e a,so lnhIbttln 9 ^^ases in base material cost 

of £e odor art ^? 9 J^ ^ °' ' arge 8m ° UntS ° f a " 0y e,ements in ^parison with AISI M50 

or ine poor art. and not requmng complex heat treatment 

i°m?<L„ Jl? °I ^ 6 PreS6nt ' nV6n,i0n reS ' deS h B hi9h beari "9 Pressure-resistant member which is formed of 

m^rj^ ^ Ll f u COn,a ' nin9 Cn The me chanlcal structural steel includes a matrix having at least one of 
^ an . d , b8 ! n,t6 StnJCtUrB - TT,e ™trix.contains carbide haying a mean particle size of f pm or less dis- 
persed and precipitated in form 6f at least one of generally spheres and pseudo-spheres 

m^!L -nf n ° ,h ! r 8SPeCt ° f prBSent lnvention resldes a process of producing a high bearing pressure-resistant 
Sl^Z^r^ (8) P6rf0rmln9 Cart5Uri2a,ton ,rea,menl - Materia, member formedTa 
a^^L f ^ weight; (b) precrpltating carbide by hold.ngthe carburteed material memberat a temperature hTing 
LTr^lT ( ° C> Wh ' Ch fe Ca ' CUlated ,r0m a " 6< ' Ua,ion: T = 675 + 120.Si(wt%) 27 - N^wto^ I 
cLnJTh? + * 5 ' Mo ^ - 400- V(wt%); and (c)quenching the carbide-precipitated material member by rapidly 

aSstenitrphS e^ e o P m 3 e C d > ' ta,eC ' M * ,ng **" ca * ide -P recl P |tated me ™° er a « a temperature at which 

!2L T) f' urth * ras P ect °' ,he P«sent Invention resides in a process of producing a high bearing pressure-resistant 
^£ni»i P ;° dt f t,0 , n pr °? ess c ° m Prises (a) performing a carburization treatment on a material member formed of 
wiMn a rnnnl 8 »T « f 66 con,ainin 9 Cf 50 «"at a surface carbon density of the mechanical structural member is 
r ^ni 8 a « n , '° 1S% * W6i9ht; (b) Precipitating carbide by holding the carburized material member at a 

prestation temperature Tp (»C) having an upper limit temperature T fC) calculated according to a first equation- T = 
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675 + 120 • Sl(%)- 27 • Ni(%)+ 30 • Cr(%) + 215- Mo(%)- 400 • V(%) based components of the material member for a 
time shorter than a time t (nr.) calculated according to a second equation: t sio* 19000 ^* 273 )- 2°) based on the precip- 
itation temperature Tp (°C); and (c) quenching the carbide-precipitated material member by rapidly cooling the carbide- 
precipitated member after holding the carbide-precipitated material member at at least one of a Ac, transformation tem- 
perature and a temperature (austenite region temperature) at which austenlte phase is formed. 

PPIEF pESCRiPTfON qf THE PBAWNQS 

[0011] 



Fig. 1 is a schematic fragmentary perspective view showing the manner of a roller pitting test and the shape of a 
test piece applied in an embodiment of the present invention; 

Fig. 2 is a schematic illustration showing the outline of the thrust-type rolling fatigue test and the shape of the test 
piece applied in the embodiment of the present invention; 
is Figs. 3A to 3D are graphical representations of heat treatment conditions appBed in embodiments of the present 
invention; 

Figs. 4E to 4G are graphical representations of heat treatment conditions applied In embodiments of the present 
Invention; 

Figs. 5H to 5K are graphical representations of heat treatment conditions applied In embodiments of the present 
20 invention; 

Figs. 6L to 6N are graphical representations of heat treatment conditions applied in embodiments of the present 
invention; 

Fig. 7 Is a fragmentary sectional view of a toroidal continuously variable transmission box used in an endurance 
test In the embodiments of the present invention; 
25 Rgs. 8A and 8B are enlarged fragmentary sectional views which respectively show the shapes of the inner and 
outer rings of a power roller and a disc for a toroidal continuously variable transmission; 

Rgs. 9A to 9D are graphical representations of heat treatment conditions applied in embodiments of the present 
invention; . 

Rgs. 1 0E to 1 0G are graphical representations of heat treatment conditions applied In embodiments of the present 
30 invention; 

Rg. 1 1 is a microphotograph (by an electron microscope) of a microstructure of a thrust-type test piece of Invention 
example 1 according to the present invention: and 

Rg. 12 is an image obtained by subjecting the microphotograph of Fig. 1 1 to Image processing. 
35 DETAILED DESCRIPTION QF THE INVENTION 

[0012J Referring now to Figs. 1 through BB, first mode of the high bearing pressure-resistant member according to 
the present invention will be discussed. 



(001 3J According to the present invention, a high bearing pressure-resistant member is formed of a mechanical 
structural steel containing Cr. The mechanical structural steel includes a matrix having.at least one of martensite struc- 
ture and bainite structure. The matrix contains carbide having a mean particle size of 3 u/n or less, dispersed and pre- 
cipitated In form of at least one of generally spheres and pseudo-spheres. The carbide includes M 23 C 6 -type carbide 
where M is a metal element. The form of spheres means generally spherical shapes, and the form of pseudo-spheres 
means deformed spherical shapes. - 

[0014] The high bearing pressure-resistant member can secure a high degree of hardness even at semi-high to 
high temperatures (generally 100 to 300 °C) and has excellent surface fatigue strength even under high bearing pres- 
sure such as local bearing pressure exceeds 3 GPa. Furthermore, In the present Invention, although the Cr is an alloy 
component that is required as an element that forms the carbide, and particular Ma 3 C 6 -type carbide, it is only required 
to be added at 1-4%, and does not cause an increase in the cost of the base material (matrix) or a decrease in cutting 



so ease 



[0015] Furthermore, examples of steels containing Cr that can be used include, according to JIS, chromium steel 
(SCr series) defined in G 4104, chromium-molybdenum steel (SCM series) defined in G 4105, and nickel-chromium- 
molybdenum steel (SNCM series) defined in G 4103. In addition, examples of steels according to ASTM include 
A3B7GM1, Gr21 and Gr22 steels. Such steels serve as raw material (or material member) for the high bearing pres- 
55 sure- resistant member according to the present invention. 

[0016] The high bearing pressure-resistant member is formed by dispersing and precipitating microcarbides having 
a mean particle size of 3 urn or lessMn the form of spheres or pseudo-spheres in a base (matrix) of martensite or bainite 
mechanical structural steel containing 1.2-3.2% Cr and 0.25-2.0% Mo, and therefore has excellent surface fatigue 
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!7£^££i? ^'T ,0 "*! tempera,ures - ™"™,re. although the Cr In the present invent.cn Is an 
alloy component that is required as en element that forms the carbide, and particular M^cJhroe carbide it ■« \Z 

c^ b ;sr n ,h r, t ra T Bnd doas no * — an ^^^^^ £3 

or a decrease in cutting ease. It will be understood that •%• used in this specification is •% by welqhf except for thaVo 
5 area ratto (rate). If the emount of this Cr Is less than 1.2%, the amount of carbide predptaSJ 

2bte o^nl^n 2 m V e r SSe ^T" 9 eBSe - ' n addltion - addlUon of Mo simultaneous to addition of Cr results in 

ca^o, P b^ " th8 am0Un, °' M ° ,S ,ass than °- 25% - "» °' stabilizing precipitation 

cannot be expected, tf the amount of Mo exceeds 2% however, cutting ease decreases. 

ISoh mJ^T hi9 ! , , be 1 ari " 9 P^sura-reslstant member of the present invention, since its S content is 0 01% or less 

oTflto ^ ^-based mc.us.ons facilitate cutting, the probabtttty of the occurrence of Interna. 

3ceT 9 MnS baS * d inC,US,ons under rolli "9 «> nta <» '"creases, making it difficult to obtain a stable 

" KISn , !" hi u h b . eaTing P fessure - resls « a ''t member of the present invention, since the amount of nttroqen solid 
Efl!£2 .? . U °r ^ SUrt8Ce t0 SUrf8Ce fomled grinding is w.thln a ra^ge of f3o 01 ^ 
? ^ prevented by adding at 0.01% or more. However. If the amount of nitrogen solid solution exceed! 

om a z^i: 9en 8o,ld sohftion ,n me mawx ,ncreasas and tends to ****** »• -moirsKss 

Kr«L.d B S iIr«I.Il ,9 , h w eari " 9 P: essure - resista " , member of the present Invention contains M^Ce-type carbide as 
^SS^f^^l d 7 enm ' 1 TT* " na * martenslte or ba,nIte * reslstamto souses of stress 

SS i t ^LSTS 6emI ' hi9h 10 h ' 9h tem P eratu «*. ^d maintains e high degree of hardness. 

£2rL » f '? 0,6 h ' 9h bearing P^re-resbtant member as claimed in daim 6. since cam.de at a3ace 
area raho (rate)ranglng from 0.3 to 30% is dispersed and precipttated at a location at least fmm the surface susiot^e 

oeT£Sn^^LI!,« ^ 66 f *" d06S " 0l rBaCh 03% - me ' a fe "> impmvement In cold hardness or tern- 
t^ld ade q"«a P'Wng strength and rolling fatigue strength are unable to be obtained. When the preciSI 

htma^eT a l Ca e r e T"** * Mmn * deCreas,n 9- * are b a s "°^e of aSay e.emeSn 

thematnx due to e.loy elements going into solid solution in the carbide, resulting In the tendency to locaSy form a soft 

SSL k I he W9h b . earin9 P ressure - re slstam member of the present invention demonstrates Its characterlstfcs oar- 

^S: n ,0 ( m T e d°r ** nSmiSSl0n PartS re " uWn 9 sorface length unde high ^arfCpres- 
bearino nrS^ 9 f 1 con » nuous, y triable transmissions requiring rolling fatigue strength under^gh 

' ' ^e^oSn^omd^r t0 redUCed f r -P"> ved '^fty of the apparatus in which it SZSST ' 

Se for*e Jetton o7^ 9 e8,in9 P re8sure - re8ls *"< "i^ber of the present Invention la 

Z JZZi . ' produ ? ,,on of ,he above nigh bearing pressure-resistant member. The production process comprises fal 
fte Z£? 1 CaroU ^ a, 1 ^ n treatmen « o" a materia, member formed of a mechanics, structural steTcSn^r^tha 

N**ftl V m f aX ' mum shean "9 stress depth caused by rolling contact, allows the precipitation of fine M,,C c -tvoe car- 

at the sen^loh^' h^, h ( I 9 *" 9 P ressure ^ es, stant member is obtained that secures high hardness even 
HHS, elenSdarThT^' ^ ^ SUch 88 ^ strengtj, and rolPng 

oS? T^.T 1 9 ,n9 PreSSUre SUCh ,hat ,ocal beari "9 P ressure e ^aa= 3 GPa. 
to sfcure ht Jne^ TZl T.* !? Ca *°" °' the ^ is ,ess ,ha " « « not possible 

to pStefon ^ r°r V ^ ,he CaSe ,hesurface carbon exceeds 1.5%. .here is Increesed susceptibility 

mekSf 8 t nd iK" ty rr* ,de ' 8nd ,Here te retlCU,ar 9r ° Wth a " 8 mean P artlcle sizc that ««ads 3 urn thereby 
aTho^hoos sfch a ?^o , | e ^ > ri : , 7 arC , 00 PartiCUlar reS,riC "° nS °" the meth0d °' "furization treatment, and 
emSo^ v^^ 1 . carburizafon. «fluid carburization or gas carburization can be used, it is preferable to 

Sna ™Z*2T? 00 ° f P,3Sma Carouri2atto " « P ossib,a - ™s 's because, since vacuum camurizaurand 
a reno d ™? ! vacuum treatments, a grain boundary oxidation layer is not formed on the surface and there 

are no decreases near the surface in the densities of carbide forming e.emen.s such as Cr. thus a.towing carbide to be 
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formed down to the surface and making It difficult during treatment to form a Cr-based oxide film on the surface that 
inhibits carburizatlon. 

[0024) As is previously described, although the Cr in the raw material steel In the present invention Is an essential 
alloy component that forms carbide, and particularly M^Ce-type carbide. Its amount added is preferably about 1 to 4% 
from the viewpoint of ensuring Its action while avoiding Increases In cost and decreased cutting ease. 
[0025] The above equation T that is used to calculate the upper limit value of the holding temperature for precipi- 
tating carbide was determined as a result of numerous experiments, and by holding the member after carburization 
treatment equal to or below temperature T (°C) calculated according to its alloy components, M 23 C 6 -type carbide is pre- 
cipitated. Since the mean particle size of M^Ce-type carbide is extremely minute at 1pm or less, It is unlikely to be a 
source of stress concentration. Since it is also dispersed and precipitated within crystal grains of martensite or bainite, 
it is resistant to softening at the semi-high and high temperatures, thereby ensuring high hardness. It is not always nec- 
essary to hold until equilibrium with respect to the carbide precipitation treatment time, namely the holding time at tern-* 
perature T, and this time is selected to be within the range of about 10 minutes to 10 hours. In addition, it is preferable 
that the lower limit temperature of carbide precipitation treatment be 500°C or higher from the viewpoint of productivity. 
is [0026J At this time, if carbide precipitation treatment is performed at a temperature higher than temperature T ( 9 C) 
calculated according to the alloy components, M^-type carbide is not precipitated and a solid solution structure 
results that prevents the obtaining of hardness. Consequently, pitting strength and rolling fatigue strength become inad- 
equate. 

[0027] If the holding time at the austenlte region temperature In the quenching step is too long, precipitated carbide 
20 ends up returning to a solid solution in the carbide precipitation step. Consequently, a holding time from about 30 min- 
utes to 2 hours is suitable, and It is preferable that treatment beyond 2 hours be avoided. 

[0028] Since the following production process of a high bearing pressure-resistant member of the present invention 
is also suitable for production of the above high bearing pressure-resistant member of the present invention. The pro- 
duction process consisting mainly of a carburization step, carbide precipitation step and quenching step, wherein car- 
ps burization treatment is performed on a member comprising mechanical structural steel containing 1 .2 to 3.2% of Cr and 
0.25 2.0% of Mo, carburization treatment is performed such that the surface carbon density is within a range of from 0.6 
to 1.5% and the carbon density at the depth location of occurrence of the maximum shearing stress caused by rolling 
contact is within the range of 0.5% or more, carbide is precipitated while holding the carburized member at a tempera- 
ture having for its upper limit temperature T (°C) as calculated from the above equation, and quenching is performed 
so after holding at the austenite region temperature. Accordingly, the precipitation of coarse, reticular MaC-type carbide at 
the surface layer portion that includes the depth location of maximum shearing stress caused by rolling contact is Inhib- 
ited, microscopic M^Cg-type carbide that is stable even at semi-high and high temperatures Is precipitated, and the 
matrix after quenching becomes a martensite or bainite structure, thereby allowing the obtaining of a high bearing pres- 
sure-resistant member that secures high hardness even at the semi-high to high temperatures, and has excellent sur- 
as face fatigue strength such as pitting strength and rolling fatigue strength even under high bearing pressure such that 
local bearing pressure exceeds 3 GPa. 

[0029] Here, in the case the surface carbon density of the carburized layer is less than 0.6%, hardness can similarly 
not be secured, and conversely if the surface carbon density exceeds 1 .5%, there is increased susceptibility to precip- 
itation of M 3 C-type carbide that grows in a reticular form having a mean particle size in excess of 3 pm, thereby making 

<o this undesirable. In addition, in the case the carbon density at the depth location of maximum shearing stress caused 
by rolling contact is less than 0.5%, the carbide surface area ratio (rate) at this depth location (or surface area ratio of 
the precipitated carbide at the location of a depth of 0. 1 mm, as discussed after) is unable to reach 0.3%, thereby falling 
to improve cold hardness or temper hardness and preventing the obtaining of adequate pitting strength and rolDng 
fatigue strength. Furthermore, there are no particular restrictions on the carburization treatment method and although 

45 methods such as solid carburization, liquid carburizatlon or gas carburization can be used, it is preferable to employ 
vacuum carburization or plasma carburization if possible. 

[0030] Although the Cr in the raw material steel in the present invention is an essential alloy component that forms 
carbide, and particularly M^Ce-type carbide, as is previously mentioned, its amount added is preferably about 1.2- 
3.2% from the viewpoint of ensuring its action while avoiding increases in cost and decreased cutting ease. Although 
so Mo is added since addition simultaneous to Cr allows stable precipitation of M^Cg-type carbide, if the amount of Mo 
added is less than 0.25%. stable precipitation of MgaCe-type carbide cannot be expected, and if the amount added 
exceeds 2%, cutting ease tends to decrease. 

[0O31] In the production process of a high bearing pressure-resistant member of the present invention, since con- 
ditions are used such that the ratio (Td/T c) of rfrff usion temperature Td (°C) following carburization to carburization tem- 
perature Tc (°C) when carburization treatment is performed by vacuum carburization or plasma carburization is within 
the range of from 1 .05 to 1 .25, reticular carbide precipitated at the grain boundary during carburization disappears eas- 
ily. It will be understood that diffusion of carbon is accomplished at the diffusion temperature, while carburization is 
accomplished at the carburization temperature. At this time, in the case the ratio of Td/Tc does not reach 1.05. it 
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containing 12 to 3.2% 0 25 « X^SiS^ "£? 8 ^ ember C ° mp ° 8ed °' mec hanical steel 
peratureT f4 ca^tL L 1 k- ° 8,141 06 to 15% of C at a temperature having for its upper limit tern- 

Ser pilTfSSS Sal 8 2* ^ ^-^--^ member ' - Performed on the 
nitride in Lfid IwJElES in Z P ' eciprtat,on of , reUcu,a ' «*W °" the member surface is inhibited by 

EMBODIMENT - * - - 

<5 [0037] The following provides a detailed" explanation of the present invention based on its embodiments. 
Embodiment j 



so 
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Table 1 



5 



. 15 



25 



35 



TvDe of Stpftl 


Chemical Composition (wt%) 


T 




C 


Si 


Mn 


S 


Ni 


Cr 


Mo 


V 


O 




A 


0.20 


1.00 


0.30 


0.005 


2.0 


1.50 


1.50 


0.19 


Max. 1 2 ppm 


1032.5 


a 


0.24 


1.01 


0.35 


0.004 


1.9 


1.95 


0.95 


0.20 


Max. 12 ppm 


927.65 


i C 


0.20 


1.05 


0.32 


0.003 


2.0 


2.55 


0.78 


0.21 


Max. 1 2 ppm 


907.2 




0.18 


1.03 


0.39 


0.003 


2.1 


2.10 


0.70 


0.00 


Max. 12 ppm 


955.4 


t 


0.20 


1.00 


0.35 


0.005 


2.2 


2.00 


0.29 


0.18 


Max. 12 ppm 


785.95 


c 

r 


0.19 


1.02 


0.40 


0.004 


1.1 


2.00 


0.69 


0.19 


Max. 1 2 ppm 


900.05 


(a 


0.30 


0.49 


0.31 


0.009 


2.0 


1.95 


0.70 


0.20 


Max. 12 ppm 


808.8 


ri 


0.22 


0.20 


0.65 


0.006 


0.01 


1.50 


0.25 


0.00 


Max. 1 2 ppm 


797.48 


1 


0.19 


0.22 


0.70 


0.003 


1.8 


0.50 


0.20 


0.00 


Max. 12 ppm 


710.8 


J 


0.18 


1.01 


0.29 


0.005 


2.0 


0.00 


0.03 


0.00 


Max. 12 ppm 


748.65 


K 


0.20 


1.00 


0.30 


0.004 


1.9 


0.00 


0.70 


0.00 


Max. 12 ppm 


894.2 


L 


1.00 


1.00 


0.30 


0.003 


2.0 


1.50 


1.50 


0.19 


Max. 12 ppm 


103Z5 


M 


1.30 


1.01 


0.35 


0.004 


1.9 


1.95 


0.95 


0.20 


Max. 12 ppm 


927.65 


N 


1.50 


0.49 


0.31 


0.003 


2.0 


1.95 


0.70 


0.20 


Max. 12 ppm 


808.8 


O 


0.80 


0.50 


0.31 


0.005 


2.1 


2.10 


1.60 


0.19 


Max. 12 ppm 


1009.3 


P 


0.60 


1.03 


0.39 


0.005 


2.1 


2.10 


1.20 


0.00 


Max. 1 2 ppm 


1 062.9 


Q 


0.40 


1.00 


0.35 


0.006 


2.0 


2.00 


1.50 


0.20 


Max. 1 2 ppm 


1043.5 


R * 


1.80 


1.10 


0.40 


0.003 


1.9 


2.10 


1.40 


0.20 


Max. 1 2 ppm 


1039.7 


S 


0.25 


1.00 


0.40 


0.003 


2 


1.20 


2.00 


0.00 


Max. 1 2 ppm 


1207 


T 


0.20 


1.10 


0.30 


0.004 


1.8 


3.20 


1.60 


0.00 


Max. 12 ppm 


1198.4 


V 


0.22 


0.50 


0.40 


0.003 


2 


0.50 


0.10 


0.00 


Max. 12 ppm 


717.5 


W 


0.20 


1.00 


0.30 


0.015 


2 


1.50 


1.50 


0.20 


Max. 12 ppm 


1 028.5 



•Note) 

To 675 + 120- Si(%) - 27 - Ni(%) + 30 • Cr(%) * 215 • Mo(%) - 400 • V(%) 



[0039) As shown in Fig. 1 , a rolling pitting test was conducted under the conditions shown in Table 2 by combining 
small roDer test piece 1 and disk-shaped partner material 2 (diameter D3 = 1 30 mm, thickness t1 = 1 8 mm) to determine 
roller pitting time or the number of repetitions or rotations (times) until pitting occurred. 



Table 2 
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Tester 


Roller pitting tester 


Bearing pressure 


3.2 GPa 


Slip ratio 


-40% 


! Rotating speed 


1500 rpm 


Lubricating oil 


Transmission oil 


Oil temperature 


100°C 
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w 



is 



Tester 


Roller pitting tester 


Partner material 


SUJ2, quenched, tempered 


Note) - — ■ — — — _ 

a) Roller pitting tester was produced by Komatsu Engineering Corp 

b) SUJ2- was high carbon chromium bearing steel according to JIS G 4605 

s'hZCrTmaSiTr <%> * 8 ^ " plece 1 to *- " *° dtek " 



20 



25 



30 



Tables 



35 



40 



<5 



SO 



5S 



Tester 


Thrust-type rolling fatigue tester 


Bearing pressure 


5.23 G Pa 


Max. shearing stress depth 


Location at 0. 1 mm from surface 


Rotating speed 


2000 rpm 


Lubricating oil 


Transmission oil 


Oil temperature 


150°C 


Partner steel spheres 


SUJ2, 3/8-inch diameter, 3 spheres 


Note) 

Thrust-type rolling fatigue tester was produced by Japan Tobacco 
Inc. 



^ . t.raie>-or trie precipitated carbide at the second cross-section were measured using an image ana- 

[0044] These results are shown in Tables 4 and 5. 
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Table 4 
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Classification 


Type of 
Steel 


Heat treat- 
ment con- 
ditions 


Surface 
carbon 
density 
(wt%) 


Carbon 
dsnsttv nt 

uyi iMiijr at 

0. 1 mm 
(wt%) 


Nitrogen 

ucl lolly at 

0.1 mm 
(wt%) 


Precipitate 

h(m i/vti ira 

sirucTure 


Prec. mean 
panicie size 
(urn) 




Examples 


1 


A 


Fig. 3A 


1.0 ' 


0.9 


- 


^23^6 


0.18 


70 


of the 
Invention 


2 


B 


Fig. 3A 


1.1 


1.0 




M^Ce 


0.21 






3 


C 


Fig. 3A 


i.O 


0.9 




M23C 6 


0.22 


75 




4 


D 


Fig. 3C 


1.4 


1.2 


— 


M3C 


0.28 




5 


E 


Fig.3A 


1.0 


0.9 




M 2 3C 6 


0:19 






6 


F 


Fig.3B 


1.1 


1.0 




M 23 C 6 


0.25 






7 


G 


Fig.3A 


1.0 


0.9 




^23^e 


0.23 


20 




8 


A 


| Rg.4E 


1.0 


0.9 




M23C0 


0.21 






9 


A 


Fig-4F 


1.0 


0.9 




M2aC 6 


0.2 






10 


L 


Rg.SH 


1.0 


1.0 




M23C 6 


0.15 






11 


M 


Rg.SH 


1.3 


1.3 


- 


M23C 6 


0.17 


25. 




12 


N 


Rg.5H 


1.5 


1.5 


- 


M 3 C 


0.85 






13 


O 


Rg.51 


0.8 


0.8 


— 


M^Ce 


0.22 


30 




14 


P 


Fig.SJ 


0.6 


0.6 


— 


M 23 C 6 


0.16 






15 


L 


Fig.5K 


1.0 


1.0 


™ 


M23C 6 


0.15 






16 


S 


Rg.3A 


1.0 


0.9 


— 


^2^6 


0.19 






17 


T 


Rg.3A 


1.0 


0.9 




M23C6 


0.12 


35 




18 


A 

A 


Fig.6l 


1 


0.9 




M23C 6 


0.15 






19 


E 


Rg.6M 


0.9 


0.8 


— 


M 23 C 6 


0.1 






20 


r 


Rg.6N 


1 


0.9 . 


0.3 


M23C 6 


0.18 


40 




21 


<J 


Rg.SH 


0.4 


0.4 




M23C 6 


0.19 






22 


V 


Rg.3A 


1 .0 






ka r* 
M 23^6 ! 


ft 1 c 




Compara- 
tive Exam- 


1 


.A. 


Rg.3D 


■1.8 ' 


1.5 




M 3 C 


3.94 




ples 


2 


- H 


Fig.3C 


1.4 


1.2 




M 3 C 


3.54 


45 




3 


1 


Rg.3C 


1.4 


1.2 




M 3 C 


3.45 






4 


J 


Rg.3A 


1.0 


0:9 




M 3 C 


3.44 






5 


K 


Rg.3A 


1.0 


0.9 




M 3 C 


3.23 


50 




6 


A 


Fig.4G 


1.0 


0.9 












7 


R 


Rg.5H 


1.8 


0.8 




M 3 C 


3.78 






B 


W 


Rg.3A 


1.0 


0.9 




M 23 C 6 


0.17 



55 
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Classification 



10 



15 



20 



Examples of 
the Invention 



25 



30 



35 



40 



45 



50 



10 



11 



14 



16 



17 



18 



19 



20 
22* 



Comparative 
Examples 



1 



Type ol Steel 



B 



A 



W 



Precipitate 

surface 
area ratio at 
0.1 mm (%) 



10.5 



6.9 



3.4 



Table 5 

Hardness at I 300°C x 3 nr. 
0.1 mm (HV) j temper hard- 
ness at 0.1 
mm (HV) 



821 



754 



Thrust test I Rollerplttlng life 
fife (L50) j (times) 
(times) 



819 



746 



825 



750 



15.8 



7.3 



25.8 



0.5 



12.5 



25.7 



7.8 



13.4 



28.5 



16.9 



20.5 



19.8 



2.4 



0.1 



0.1 



11.1 



7.8 



820 



742 



816 



739 



841 



764 



825 



755 



815 



745 



829 



772 



718 

733 



778 



714 



821 



732 



815 



752 



9.1 x 10 7 Surpassed 10 7 



8.9 x 10 7 
8.7 x 10 7 



I Surpassed 1 0 7 



I Surpassed 10 7 



8 6 x 10 7 I Surpassed 10 7 



8.9 x 10 7 



9.0x 10 
8.9 x 10 



Surpassed 10 7 
Surpassed 10 7 



9.8 x 10 7 



I Surpassed 10 7 
Surpassed 10 7 



8.8 x 10 7 



8.9 x 10 7 



[surpassed 10 7 
Surpassed 10 7 



9.5 x 10 7 
7.2 x 10 7 
9.1 x 10 



8.4 x 10 7 
9.2 x 10 7 



Surpassed 10 7 
Surpassed 10 7 
Surpassed 10 7 
Surpassed 10 7 



Surpassed 10 7 



9.7 x10 7 



811 



745 



819 



756 



807 



749 



798 



737 



742 



681 



721 



678 



743 



703 



725 



673 



B.2 



4.9 



5.1 



8.2 



19.5 



•Note) 



731 



671 



715 



655 



709 



649 



759 



785 



701 
690 



814 



739 



9.2 x 10 7 
9.8 x 10 7 



Surpassed 10 7 
I Surpassed 10 7 



9.7 x 10 7 



9.8 X10 7 
5.5 x 10 7 



I Surpassed 10 7 
Surpassed 10 7 



I Surpassed 1 0 7 



4.2 x 10 7 



I Surpassed 10 7 
6.1X10 6 



3.4 x10 7 



1.1 xlO 7 



I 5.4x1 0 6 
' 1.4X10 6 



1.2 x 10 7 



1.6 x 10 7 



I 1.5x10 6 
I 2.8x10 6 



1.5 x 10 7 
4.2 x 10 7 



| 2.9x1 0 6 
6.2x1 0 6 



1.9 x 10 7 



6.2 x 10 7 



I 2.2x1 0 6 
Surpassed 1 0 7 



InternaJ origin separation starting at inclusions occurred. 
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austenlte region temperature of 850°C, quenching and tempering were performed. As a result, microscopic M^Ce-type 
carbide having a mean particle size of 0.3 urn or less was precipitated at a surface area ratio of about several percent 
to 30%, thereby resulting in a member having improved cold hardness and excellent hardness after tempering treat- 
ment for 3 hours at 300°C (temper softness resistance), which was confirmed to drastically Improve pitting life and roll- 
5 ing fatigue life. 

[0046] Furthermore, under the heat treatment conditions shown in Fig. 3C, there was no carbide precipitation step 
observed in which the temperature is temporarily held at a low temperature following carburization treatment in com- 
parison wrth other heat treatment conditions. However, in invention example 4, since the steel type of symbol D shown 
in Table 1 was used for the raw material steel, upper limit temperature T for carbide precipitation as calculated from 
10 equation T was high at 955.5*C. Consequently. M^CVtype carbide (with some M 3 C-type carbide) was finely precipi- 
tated during the time the temperature was held at the austenlte temperature of 850°C for quenching following comple- 
tion of carburization treatment, allowing the obtaining of excellent cold hardness and temper softening resistance as 
well as satisfactory pitting life and rolling fatigue life. In other words, in the heat treatment in invention example 4, the 
carbide precipitation step during which the temperature is held at a temperature having for its upper limit temperature 
75 T was performed while overlapping with the quenching temperature of 850°C. 

[O047J In addition, in invention example 8. by extending the duration of the carbide precipitation step to 5 hours car- 
bide was precipitated until equilibrium (maximum), and since the duration of the subsequent holding at the austenlte 
region temperature (850°C) was relatively short at onfy 30 minutes, the return to solid solution of the carbide was inhib- 
ited, thereby increasing the surface area ratio of M^Ce-type carbide. Improving hardness and resulting in long life. In 
20 invention example 9, since the carbide precipitation step was conducted for 30 minutes at 650*C and the holding time 
was shortened, the surface area ratio of M^Ce-type carbide was observed to be lowerthan that of invention example 8. 
[0048] In Invention example 1 0, after performing carbide precipitation treatment for 5 hours at 650 D C on steel hav- 
ing a base metal (matrix) C content of 1.0%. precipitating carbide to the equilibrium state (maximum), holding the tem- 
perature at the austenlte region temperature of 850*C for 30 minutes, performing quenching and then tempering, return 
25 of the precipitated carbide to solid solution was Inhibited to increase the surface area ratio of M^Ce-type carbide, 
improve hardness and extend the life. In addition, in Invention example 1 1 on which similar heat treatment was per- 
formed on steel having a base metal (matrix) C content of 1 .3%, since the amount of C of the base metal Is greater than 
invention example 1 0, the surface area ratio of M^-type carbide increased, both cold hardness and temper hardness 
improved and the life was extended. Moreover, In invention example 1 2 on which similar heat treatment was performed 
30 on steel having a base metal (matrix) C content of 1.5%. although some MaC-type carbide was precipitated causing a 
decrease In the surface area ratio of M^Cg-type carbide, since a structure was obtained In which microscopic M^Ce- 
type carbide was precipitated, the We was confirmed to be longer than the comparative examples described later 
[0049] In addition, In invention example 1 3, in which carbide precipitation treatment for 30 minutes at 750°C, which 
correspond to a higher temperature and shorter duration than invention example 10, was performed on steel having a 
base metal (matrix) C content of 0.8%, followed by precipitation of carbide to the equilibrium state (maximum) and sim- 
ilarly quenching and tempering, since the base metal (matrix) C content is lower than invention example 1 0, the surface 
area ratio of M^CVtype carbide resulting in decreases in cold hardness and temper hardness. However, the structure 
contained precipitates of microscopic M2 3 C 6 -type carbide, the life was longer than that of the comparative examples. In 
invention example 14, in which heat treatment was performed for 30 minutes at 850°C on steel having a base metal 
(matrix) C content of 0.6% while holding the temperature at the austenlte region during carbide precipitation treatment, 
although the surface area ratio of M^Ce-type carbide was lowerthan invention example 10 resulting in lower cold hard- 
ness and temper hardness due to the lower content of base metal (matrix) C, since a structure was obtained in which 
microscopic M^Cg-type carbide is precipitated, life was confirmed to similarly be longer in comparison with the com- 
- parative examples. 

[0050] Moreover, in Invention example 1 5, after performing carbide precipitation treatment for 5 hours at 650*C on 
steel having a base metal (matrix) C content of 1 .0% and precipitating carbide to an equilibrium state (maximum) in the 
same manner as invention example 10 followed by heating for 8 seconds at a constant output of 200 kW and constant 
frequency of 10 kHz using a high-frequency heater, the structure was quenched in oil at 60X. As a result, a structure 
similar to invention example 10 was obtained and was demonstrated to have long life. Furthermore, since heating and 
holding times are shortened considerably when high-frequency quenching is applied, heat treatment cost can be further 
reduced in comparison with invention example 10 in which carburization treatment is not performed. 
10051] With respect to the test pieces (high bearing pressure members) pertaining to invention examples 16 and 
i 7. after performing carburization treatment on Cr-containing steel so that the surface carbon density was within the 
prescribed range of 0.6-1.5% and carbon density at the location of the depth of maximum shearing stress (the location 
of 0. 1 mm beneath the surface) was 0.5% or more, carbide was precipitated by holding at the temperature having for 
its upper Omit temperature T (*C) calculated based on equation T. After additionally holding at the austenite region tem- 
perature of 850°C, quenching and tempering treatment were performed. As a result, microscope M^Ce-type carbide 
having a mean particle size of 0.3 urn or less was precipitated al surface area ratios of 16% and 29%. Since this 
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I^E^CST - 6xc8,,em temper softenln9 pmn9 m and ro,,,n9 ' at,9ue me were 

, iUT nt,0n eXamP ' e 18, in WhlGh cart > uri "»tlon treatment was performed under conditions such that the ratio 
(TdrTc) o dtffuslon temperature Td (-C) to carburfeatlon temperature Tc>C) was 1.1 

precpttated on the /oiling surface.and a structure was obtained in which M^-type carbide was finely disced s!a 
ble pitting strength and rolling fatigue strength were obtained In invention exLole iTaZ^rtnrZll T ' « 

,o ^!^JSSTS^^ , ^ a ' T C " temPeratUre WaS rai8ed to the — "»• tempera 
•2 *TJr . f0,toWedtoy £ l uenc hlng and tempering. As a result, e structure was obtained that was similar to the case 

£H? h T^" eXamP ' e 18 WWCh cart > uri2a «°" ^d dlfiuslon were followed by gas coZ and stab e oS 
strength and rolling fatigue strength were similarly obtained oooimg. ana stable pitting 

ESSf! ,. a i {fit ^" , j n InVenU ° n eXamp,e 20 ' carb °"«"<*ng was performed by Introducing ammonia gas into the fur 
nace during carburteation, and after temporarily quenching in oil at 60»C,predpitation treaWTuencMna and tZ. 

quenching and tempering, M 23 C 6 -type carbide was precipitated. The surface carbon inX^TsTan o m 'and 

' Ra 3A i„ J" f a mpa - ra,,Ve eXamptes 4 and 5 - althou 9 h haat """mem was performed under the conditions shown in 

S'lv u\Ld a! £T T* ? i r: en, ' 0n eXan,P ' e 1 ' Since 8,981 *P 88 J «* *• w "teh do not coltn C were reTei" 
trvely used as the raw materials. M^Ce-type carbide was unable.to be precipitated in the carbide n7 ec £tet7„n ^.1! . » m 

ie»o Z,;^ r °" S '" "» , " al '°" a "»"9 « MnS-onsed inclusions In Ih. usl - W . ,o|| r ™ te ,L„ 

rESiZSL T T 9 '*'■""' ,9 °' S '* M * """"O tel * e s " e "8"' In the case ol serine origin mJSSl 
lhal In the roller pitting lest, these inclusions had little ell eel and adequate pitting strength was able ic^be^tD^aUied 
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-Embodiment 2 

[0061) Forging followed by rough machining were performed on steels A, D, E, H and L of the 22 types of steels 
shown In Table 1 so as to shape input and output discs 13, 14 and inner and outer rings 16 and 17 of power roller 15 
for the toroidal continuously variable transmission as shown In Fig. 7 and Fig. 8A and 8B. Thereafter, heat treatment 
was performed the forged and roughly machined steels under the conditions shown in Figs. 3A through 6N. Shot-peen- 
ing was performed at the rectangular portion of the inner diameter hole at the apex of the disks (portion F in Rg. 8B) 
and at the rectangular portion of the inner diameter hole In the bearing groove of power roller inner ring 16 (portion O 
in Fig. 8A) together with grinding ultra-finishing at those portions other than the sites at which shot-peening was per- 
formed. 

[0062J Next, these input and output discs 13 and 14 along with Inner and outer rings 16 and 17 of power roller 16 
were combined, and an endurance test was performed using the toroidal continuously variable transmission box shown 
in Rg. 7 to evaluate the bending fatigue strength of discs 1 3 and 1 4 and power roller Inner ring 1 6 according to the serv- 
ice fife (bending fatigue life) until separation or cracking was made. Additionally, the rolling fatigue life of discs 13 and 
1 4 and power roller inner ring 1 6 was derived from the test results of the above-discussed rolling fatigue test. 
[0063] As a result, as shown In Table 6, the rolling elements according to invention examples 23, 24, 25 and 26 
(these respectively coincide with the combinations of steeJ types and heat treatment conditions of invention examples 
1, 4, 10 and 19 In Embodiment 1) had a structure in which M 23 C r type carbide was precipitated. Consequently, since 
the temper hardness at the rolling contact surface Is high, there Is resistance to plastic deformation even at high contact 
bearing pressures. In addition, since there is high temper hardness even at the location of the depth of maximum shear- 
ing stress, there is little susceptibility to the occurrence of structural changes caused by rolling fatigue, thereby resulting 
in long life. 

[0064] On the other hand, in the rolling elements pertaining to comparative examples 9 and 1 0 (these coincide with 
the combinations of steel types and heat treatment conditions of comparative examples 1 and 2 in Embodiment 1),since 
M 23 C 6 -type carbide is not precipitated, there is increased susceptibility to plastic deformation at high contact bearing 
pressures, and separation was confirmed to occur easily. 
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Table 6 



Classi- 
f icatior 


1 Type of 
* Steel 


Heat 
j Treat- 


j Site 


Shot- 


Endurance test: 


Inven - 




j ment 
J Condi- 
j tions 




peening 


Rolling 
fatigue 
life 


Bending 
f at i cinf* 
life 


tion ex. 

23 
( Inven- 
tion ex. 

1) 
Inven- 


A 


Fig- 3A 


j a 
I B 
1 c 

1 D 

1 2 


No 
No 

NO 

Yes 
No 


<§> 
(p) 


O 


1 T> 




1 F 


Yes 


© 


1 O 


j tion ex. 
24 

1 (Inven- 
[ tion ex. 
4) 

P Inven- 




Fig. 3C 

1 r 


j a 
1 f\ 

B 

I c 

D . 

L F 


No 
No 
No 

Yes 
No 

Yes 


© 

IS) 

@ 
© 


o 

1 ° ■ 


I tion ex. 
1 25 


1 L ~ 


MPig. 5H 


i A 

B 


No 
No 


© 




J (Inven- 
j tion ex. 






C 
D 


NO 
Yes 


© 


A 


■ 1 10)) 
1 Inven- ( 






£ 
F 


No 
Yes 


© 


A 


1 tion ex. 1 
26 




Fig . 6M 


> 
A 

B 


No 
No 






( Inven - 
I tion ex. 
19) 

J compara- 


A 1 




C 
D 
E 

F . 


No j 
Yes 

No 
Yes 


® 


A 
A 


tive ex. 
9 

j (Compar- 
ative 
ex. 1) 

f compara- 




Fig. 3D J 


A 
B 
C 
D 
E 
F 


No 
No 
No 

Yes 
No 

Yes 


A 
A 

A 1 
A j 


A 
A 


tive ex. 
1 10 


H 


Fig. 3C 


A 
B 


No 
No 


A J 

A j 




[ (Compar- 






C 
D 


No 
Yes 


A 


O 



ative 
ex. 2) 



E 
F 



No 
Yes 



Note) O indicates excellent evaluation; O indicates better 
evaluation; and A indicates good evaluation. 
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Efnbptflmgnt 3 

[0085J After performing lathe turning and gear cutting using steels A, D, E, H and L shown in Table 1 in the same 
manner as Embodiment 2, heat treatment was performed on each steel by combining with the same conditions as 
Embodiment 2 followed by shot-peening and grinding to obtain the gears having the specifications shown in Table 7. 



Table 7 



Type of test gear 


Spiral bevel gear 


Module 


3.87 


Pressure angle 


17.5 Q 


Number of teeth 


. 21 


Spiral angle 


15' 


Standard pitch circle 


84.1 mm 



[0086] An anti-pltting test was then performed using a power circulating type of gear pitting tester based on the con- 
ditions of a Hertz bearing pressure at the gear pitting point of 2.0 GPa, test gear rotating speed of 1000 rprn, automatic 
transmission fluid (ATF) for the oil type and an oil temperature of 120°C. Pitting life was evaluated in terms of the total 
number of rotations until the surface area of separation caused by pitting that occurred on the tooth surfaces of the test 
gear reached a surface area equivalent to 3% of the effective meshing surface area of the entire gear. 
[0067] As shown in Table 8, in the gears produced by invention examples 27, 28, 29 and 30 (equivalent to the com- 
binations of invention examples 1, 4, 10 and 19 in Embodiment 1), since M 23 C 6 -type carbide was finely dispersed and 
high hardness was maintained even after tempering, pitting life improved considerably. On the other hano\ in the case 
of the gears produced according to comparative examples 11 and 12 (equivalent to the combinations of comparative 
examples 1 and 2 In Embodiment 1), since the structure did not contain precipitation of M 23 C 6 -type carbide, temper 
hardness was low and pitting occurred easily. 



Table 8 



Classification 


Type of Steel 


Heat Treatment 


Arc Height (mm) 


Pitting Life 


Invention example 25 (Invention 
example 1 ) 


A 


Fig. 3A 


1.1 


Surpassed 1x1 0 7 times 


Invention example 26. (Invention 
example 4) 


D 


Fig. 3C 


0.95 


Surpassed 1 x10 7 times 


Invention example 27 (Invention 
example 10) 


L 


Fig. 5H 


1.02 


Surpassed 1x10 7 times 


Invention example 28 (Invention 
example 19) 


* E- 


Rg. 6M 


1.08 


Surpassed 1 x1 0 7 times 


Comparative example 13 
(Cbmp. example 1) 


A 


Rg. 3D 


0.98 


5.7x1 0 6 times 


Comparative example 14 
(Comp. Example 2) 


H 


Rg. 3C 


1.1 


1.5x10 s times 


Note) 

Arc height indicates intensity of shot-peening and corresponds to height of warp of thin sheet under shot-peening. 



[0068] Next, second mode of the high bearing pressure-resistant member according to the present invention will be 
discussed with reference to Rgs. 1 and 2, and Rgs. 7 through 10G. 

[0069] As is previously described, a high bearing pressure -resistant member such as a toroidal continuously vari- 
able transmission in the form of disk and power roller makes rolling contact under a harsh environment of high speed 
and high temperature while being subjected to a heavy load. This environment is becoming increasing harsh accompa- 
nying reduced size and higher capacities of transmissions and power transfer units using such high bearing pressure 
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members. As a result, the roiling portions of these members (for example, the traction surfaces and bearing grooves in 
the case of discs and power rollers) are required to be resistant to the internal origin separation caused by rolling fatigue 
as well as high rolling fatigue strength. 

[0070J In the case of performing ordinary carburization or carbonltriding on such a high bearing pressure member 
the base material (matrix) takes on a martensite or balnite structure and there is hardly any carbide present In contrast 
when the base material (matrix) of the high bearing pressure-resistant member includes a martensite and/or bainite' 
structure and contains microscopic carbide having a mean particle size of 3 urn or less is dispersed and precipitated In 
the form of spheres or pseudo-spheres in this base material, room temperature hardness of the high bearing pressure- 
resistant member increases, reductions in hardness under high temperatures of the same are inhibited and internal ori- 
gin rolling fatigue life of the same is improved. Moreover, H Is preferable that the high bearing pressure-resistant mem- 
ber Includes a biphasic structure provided with a first phase composed of martensite and/or bainite that is substantially 
free of carbide, and a second phase in which microscopic carbide is dispersed and precipitated in the form of spheres 
or pseudo-spheres in the manner described above in the base material (matrix) having a martensite and/or bainite 
structure. As a result, the high bearing pressure-resistant member has both higher rolling fatigue strength and bending 
fatigue strength than a case where carbide are uniformly precipitated throughout the entire region. However, in the case 
the mean particle size of the carbide in the second phase region exceeds 3 ^m or the carbide is precipitated in reticular 
form instead of in the form of spheres or pseudo-spheres, although room temperature hardness and high-temperature 
softening resistance are improved, the action of Improving rolling fatigue life decreases because the precipitated car- 
bide acts as a source of stress concentration resulting in increased susceptibility of the formation of crack starting points 
and propagation routes. 

[0071] MsjCVtype carbide containing Cr is more preferable than M^-type carbide for use as the carbide at this 
time since it tends to be stable even during rolling fatigue at high temperatures, inhibit decreases in hardness, and 
improve rolling fatigue life by delaying changes in the internal structure. 

[0072J In addition, It is also preferable that the surface area ratio of the above carbide in the second phase region 
be within the range of 0.3-30% relative to the total area of the first and second phase region. Namely, in the case the 
surface area ratio of carbide in the second phase region Is less than 0.3%, inhibition 6f high-temperature softening and 
the action of delaying structural changes are inadequately obtained. Conversely, in the case the surface area ratio 
exceeds 30%, decreases in alloy elements and carbon density in the base material (matrix) are made and therefore 
invite decreased hardness of the base material, thereby tending to prevent adequate improvement of rolling fatigue life. 
[0073] Moreover, It Is preferable that the S content be 0.01% or less. If this is done, although MnS-based Inclusions 
are reduced and machlnabillty decreases, a stable, long service life is obtained. If the amount of S exceeds 0.01% 
although MnS-based inclusions facilitate cutting, the probability of the occurrence of internal origin separation starting 
at MnS-based inclusions under rolling contact increases, making It difficult to obtain a stable service fife. 
[0074] In the high bearing pressure- resistant member of the present invention, since the amount of nitrogen solid 
solution in Its surface (after final grinding) is within a range of from 0.01 to 0.5%, and solid solutions of nitrogen have 
the effect of spreading Acm fines into high carbon regions, the precipitation of reticular carbide Is prevented by adding 
at 0.01% or more. However, if the amount of nitrogen solid solution exceeds 0.5%, the amount of nitrogen solid solution 
in the matrix increases and tends to decrease the amount of precipitation of M 23 C B -type carbide. 
[0075] In the high bearing pressure-resistant member of the present invention, since the surface carbon density at 
the site subjected to rolling fatigue caused by rolling contact is within a range of from 0.6 to 1.5%, a high degree of 
strength is maintained and fatigue strength is improved. In the case the carbon density at this timeis less than 0.6% 
since the carbide surface area ratio in .the second phase cannot be secured, hardness can no longer be maintained' 
Conversely, H the surface carbon density exceeds 1.5%, there is 'greater susceptibility to precipitation of M 3 C-type car- 
bide, and this tends to grow in reticular form at a mean particle size in excess of 3 urn. 

[0076] The high bearing pressure-resistant member of the present invention is suitably applied in the rolling ele- 
ments of a toroidal continuously variable transmission, nameiy the discs or power rollers of a toroidal continuously var- 
iable transmission, and contributes to reduced size, increased capacity and extension of service life of the toroidal 
continuously variable transmission. 

[0077] As is previously described, both rolling fatigue strength and bending fatigue strength is preferable to be real- 
ized in the discs and power rollers of toroidal continuously variable transmissions. Moreover, those demand character- 
istics are not necessarily uniform, and each differ depending on the site of each rolling element This will be discussed 
in detail with reference to Figs. 7, 8A and 8B. 

[0078] Namely, with respect to those sites subjected to rolling fatigue caused by a repetitive load of shearing stress 
as in the traction surface of input and output discs (portion E in Fig. 8B). the traction surface of power rollers (portion A 
in Rg. 8A) and bearing grooves (portions B and C in Rg. 8A), it is preferable that the surface area ratio of the second 
phase in which carbide is finery dispersed and precipitated be 3% or more, and more preferably 50% or more at least 
in the surface portion at that site down to the depth of occurrence of maximum shearing stress. As a result, the internal 
origin rolling fatigue strength is improved and rolfing fatigue life is extended. Moreover, it is preferable that the carbon 
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density be 0.5% or more at the above-mentioned site since this results In adequate pitting strength and rolDng fatigue 
strength. Furthermore. In the case the carbon density is less than 0.5%. it is not possible to secure the carbide surface 
area ratio at the location of the depth of occurrence of maximum shearing stress caused by rolling contact, and this 
tends to make it difficult to improve cold hardness and temper hardness. 

[0079J in addition, with respect to those sites requiring resistance to Intrusion of foreign matter as a result of being 
sensitive to the starting points of surface indentations caused by Intrusion of foreign matter since the contact elDpse 
becomes smaller than the traction surface as in the bearing grooves of the power rollers (portions B and C of Fig 8A) 
It is preferable that the surface area ratio of the second phase In which carbide Is finely dispersed and precipitated be" 
3-100% on the uppermost surface, end more preferably within the range of from 50 to 80%. As a result the first phase 
which has lower hardness and a large amount of residual austenlte than the second phase, alleviates stress concen- 
tration of indentations on the uppermost surface and improves resistance to the intrusion of foreign matter 
[0080] Moreover, with, respect to those sites which, although not make rolling contact, are subjected to bending 
fatigue due to the repetitive load of bending stress as in the rectangular portion of the inner diameter hole at the apex 
of the input and output discs (portion F in Fig. 8B) and the rectangular portion of the Inner diameter hole of the bearing 
grooves of the power roller inner ring (portion D in Fig. 8A). It is preferable that the surface area ratio of the above sec- 
ond phase be 90% or less, and more preferably 30% or less at the uppermost surface, and that shot-peening be per- 
formed. As a result, machlnlng-lnduced transformation and residual compression stress of the first phase occur at said 
sites leading to improved bending fatigue strength. Furthermore. If the surface area ratio of the second phase at this 
time exceeds 90%. in addition to it being easier for the carbide dispersed in the second phase to act as the starting point 
or propagation route lor cracks, the machinlng-induced transformation of the first phase becomes Inadequate and 
here Is Increased susceptibility to the formation of microscopic cracks during shot-peening. which tends to decrease 
the amount of improvement in bending fatigue strength. 

!" hi9h bearin9 P ressure - resista "t member of the present invention, the biphaslc structure Including the 
l.nrt phase having a martenslte and/or bainite structure that is substantially free of precipitation of carbide, and the sec- 
ond phase, in which carbide Is finely dispersed and precipitated In the base material (matrix) having a martenslte and/or 
bamrte structure, is obtained by precipitating carbide by holding at a prescribed temperature for a prescribed period of 
time either after performing carburization treatment on mechanical structural steel containing carbide forming elements 
such as Cr and Mo or without performing carburization treatment by using mechanical structural steel containing a pre- 
scribed amount of Cr. and then quenching by heating and holding at the austenlte region temperature and finally per- 
forming tempenng treatment. At this time, the surface area ratio of the second phase can be controlled by adjusting the 
orSSJ^ ^ ¥ carburization treatment adjusting the holding temperature and holding time in the carbide 
precipitation step, and adjusting the holding temperature and holding time at the austenlte region temperature. The sur- 

Brea °1 ! fI C ° nd PhBSe beC ° meS lar9er> 88 the sur1ace cart)on densl, y ^ carburization treatment becomes 
S™~h^H holdin 9)« m P erature * <" a «*ide precipitation step becomes higher, as the longer the holding time 
rn^? £ ' !° r 88 h0Wm9 tern P erature ln th « austenlte region prior to quenching becomes lower. 
;™3rL .T^', * e ' ol,owln 9 P™*«*on process of the high bearing pressure-resistant member Is suitable for the 
ZTZT , 9 ^ anng P ressur ^resfetant member of the present invention. The production process comprises 

a) performing a carbunzation treatment on a material member formed of a mechanical structural steel containing Cr so 
that a surface carbon density of the mechanical structural member Is within a range of from 0.6 to 1.5% by weight- (b) 
fimT t P ™ir^T 8 »r! ,0,d , in9 , tha carbur,zed material ™«*» « ■ precipitation temperature Tp (°C) having an upper 
13 u«E? T i£\f CU,ated aCC °" lin0 t0 8 firSt e * ua «™ T " 675 * 120.Si(%) - 27.Ni(%) * 30.&W + 

h J " ' T o) baSed COmpon 1 ?2^ the m 1 aterial member < or a * ime Sorter than a time t (hr.) calculated 
uTnSo V 1 = 10 + ' ' bBSed °" the P***—. temperature Tp (-C); and (c) 

.hJ 2 S carbide-precipitated material member by rapidly cooling the carbide-precipitated member after holding 
he carbide-precipitated material member at at least one of a Ac, transformation temperature and a temperature 
(austenlte region temperature) al which austenlte phase is formed. Consequently, this production process for the hiqh 
beying pressure-resistant member inhibits the precipitation of coarse, reticular M 3 C-type carbide in the surface portion 
mat .ncludes the location of maximum shearing stress depth caused by rolling contact, allows the obtaining of a first 
phase hi whrcb carbide is substantially not precipitated, and a second phase in which fine M^-type carbWe that is 
TJ? ,he A sem, h, 9 n to hl 9 h temperatures is precipitated and the matrix after quenching has a martenslte and/or 
bainite structure. As a result, the high bearing pressure-resistant member is obtained that secures high hardness even 
at the semi-high to high temperatures, and has excellent surface fatigue strength such es pitting strength and rolling 
fatigue strength even under high bearing pressure such that local bearing pressure exceeds 3 GPa 
0083) At this time, in the case the surface carbon density of the carburized layer is less than 0.6%. it is not possible 
to secure hardness. Conversely, in the case the surface carbon density exceeds 1.5%. there Is increased susceptibility 
to precipitation ol M 3 C-type carbide, and there is reticular growth at a mean particle size that exceeds 3 um thereby 
making this undesirable. Furthermore, there are no particular restrictions on the method of carburization treatment, and 
artnough methods such as sofid carburization. liquid carburization or gas carburization can be used II is preferable to 
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employ vacuum camurizatlon or plasma carburtzetlon If possible. This Is because, since vacuum carburization and 
P fnTw™ ^ VaC ? m t , reatments - a 9 ra,n boun **y ~»^ion layer Is not formed on the surface and there 
are no decreases nearthe surface In the densities of carbide forming elements such as Cr, .hereby making these treat- 
ments advantageous since they allow carbide to be formed down to the surface a«"ngineseireai 

5 f o °rL k ? n bp ^^ 

invention Is an essenUal alloy component that forms carbide, and particularly M 23 C 6 -type carbide its amount added to 
preferably a*out1to4%from the viewpoint of ensuring Its effect while «^lS^h«*^ < S2!2S5 

6BS6. " 

,o ZlLfcitlr, eqUati r T 'V? d t0 Ca ' CU,ate ,h ° UPPer V8lUe °' we h0,dI "9 temperature for preclpi- 
d o e, , erm,ned ( aS numerous experiments, and by holding the (material) member after cartL 

™„nn„,^f ^ ^TT'X TP ( C) eqU8 ' ,C ° f bel0W temperature T CC) calculated according to the alloy 
!°^T™.™ ^ member MwC^type carbide ie precipitated. Since the mean particle size of M^-type carbide^ 

SZKSSetSlr ° f ?' -"""^ t0 66 8 S ° UKe ° f S,feSS "*•»*—•■ SI "<» » BteodiSSed an5 pre 
,5 tuSIhe^" h a, K nS K°L marte o lte and, ° r balnite ' * ,S reslstant 10 soften, "9 ^ seml-high and high tempera- 
« temSL^rf S*L ?T By maki " 9 ,h8 time °' CarbWe P raci P te « 0 " ^eatment. namely the holding time 
SSK? lI P i 2' x^ 8 " 88 C8lCU,at8d a0COrdlng to e " uat,on 1 corresponding to the above-mentioned 
prestation temperature Tp (-C). precipitation Is discontinued prior to reaching equilibrium. In addition H Is preferable 

£2? Srrr' CarbWe treatment be 550-C or higher from the vlewp2 .pSS 

* St„d al^ t,me ; ? 6 precip,ta,,on «• Performed at a temperature higher than temper«urs TTC) 

^uSthl D ™7t hB S! f ° V C ? mp ! nems - ^e-typa carbide is not precipitated and a solid soiutton structure 
1 * t8 "'"? 01 hardne8S - Conseaue "tly. Pitting strength and rolling fatigue strength become inad- 
2 ^T*; " PP8r *"? ' °' h ° ldlng ,lme duHn 9 caro,da Precipitation treatment calculated accorolng to 
T tot>£ t T J? 7 Tr^fr- SUCh th8tl for eXampl9 ' 1 te approximately 58 hours when holding temperature 
when T " b8n K T ,S f °° C ' * 18 a PP™ imate| y °*» "ours (epproxfrnate? 20 minutes) 

2_ « 1 L w d ls , a PP roximate ^ 0.037 hours (approximately 2.5 minutes) when T Is 750»C. 
[0087] t» the holding time at the austenite region temperature in the quenching step is too long, precipitated carbide 
ZZSST S0 " dS0 J UtiOn th8 CarbWe step. Consequently, avoiding SZjT* 

T n lS T * 8U,tab,8 • 8nd " te P refera *>te that treatment beyond 2 hours be avoided. 

suSb e for ^llf 10 ,? P "tf I" ? h ' 9h be8rin9 P^ure-reslstant member of the present Invention is also 

tfat^uX^ 8 h ' 9h b8arin9 P ressu «-reslstant member of the present Invention, consisting mainly 

fl^K , f * C8rt " de P^'P" 3 " 0 " ^ep and quenching step, wherein carburization treatment is performed on 

tmT en ^T rf Pri8 ' n9 H meC K 8nfcal 8bUC,Ura ' 81881 contaln,n 9 1 - 2 to 3 2% * Cr and 0.25 to 2.0% o?M o. caSation 
at the depth location of occurrence of the maximum shearing stress caused by rolling contact is within the range .of 05% 
or more. ca*lde is preciplteted while holding the carburized member at a praclp Jonrmperature To V5 taSSS 

ZSZSSS^l n " CateU ' ated fTOm 8bOVe firSt 8qU8tton ** " « - SS «2 is shorter lan 
SniSm ^^£l^ 8eTOnd ? qUaU ° n - and qUencWn9 is perfomiad after "'""•a * *• austenae region 
temperature, a slmBar biphaslc structure results that Is composed of a first phase and second phase and a hi ah beerlno 

?rg U f:CrnS mber 18 SMBrtV 0b,8 ' ned ,hBt ^ eXCe,,ant 8UrfaC8 fa « 9Ua sThrprngrngThand 9 
S c H T ' n i he 0888 SUrf8Ce Cart> ° n density of me cat>Urized layer is less than 0.6%, hardness can similarly 

' SEtSSSTT? i,tHe SUrfaC8 C8 * 0,> d8nS,ty 8XC88dS 1 - 5% ' ,hare ,s 'ncraased susceptibi^to pTS 
S ^15£^ 2£ B 9r ° WS 8 re,teu,ar fo"" having a mean particle size in excess of 3 mn. thereby making 

bTroCcont^ £ , add r- n S 2T ** Ca *° n ^ 8 ' 0,8 ^ ,0Ca,i ° n °' maX,mum She ^ ~ ^ ' 
SnnoTo ?£22 h Cart " de SUrfaC8 af8a ra,i ° at th,s depth locat,on 18 unable to reacn 0.3%. thereby 

SCr? 88 or 688 an ° preven,ing the ° btainin9 ot adequa,e p,tting str8ngth and ro " 

oT s °L « F ^f r T e, th f r8 a ,. e "° particu,ar re strictior,s on the carburization treatment method and although meth- 

ca^rizatl o ^ 2a f n ' BqUid ^r""^ 8 " 0 " or 9 as carburization can be used, it is preferable to employ vacuum 
carbunzation or plasma carburization if possible. ^ 

S*.Hp o h^T".*!! » ' he faW materia ' Steel ,he present inven,ion te a" essential alloy component that forms 
tti ? Ca * ide ' 88 iS pr8vi0US,v '"a-ioned. Its amount added is preferaWy about , 2^o 

tTt Si . Wta T2i enSUri " 9 i,S 8CUOn Whi ' 8 aVOidi ° 9 increases in cost and decraas8d outting ease. Although 
add d is ts Z 0 IT r: ,tan80US to Cr al,0WS 8tab,e P-lphation of M^-type Candida, if the amount o, Mo 
exceed?^ ^2 \ h f P rec,p,,a "°" °' M Z3C 6 -type carbide cannot be expected, and i. the amount added 
exceeas ^y 0t cutting ease tends to decrease. 

S2 ar. IT 6 P KK° dUCti r P T eSS ^ 3 hi9h beann9 P ressure -^sistant member of the present invention, since con- 
drtions are preferably used such that the ratio (Td/Tc) ot diffusion temperature Td <*C) following carburization to carbu- 
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rlzatlon temperature Tc (°C) when carburizatlon treatment Is performed by vacuum carburization or plasma 
carburization is within the range of from 1 .05 to 1 .25, reticular carbide precipitated at the grain boundary during carbu- 
rization disappears easily. At this time, In the case the ratio of Td/Tc does not reach 1.05, it become difficult to obtain 
this effect In addition, the higher the temperature of diffusion, the larger the diffusion coefficient of carbon inside. This 
facilitates the disappearance of reticular carbide. However, in case that the ratio of Td/Tc exceeds 1 .25, there is melting 
of the steel surface, and therefore it is preferable that the upper limit of this ratio be 1 .25. 

[0093] On the other hand, If the cooling rate until the intermediate holding step (carbide precipitation step) following 
carburlzation diffusion is too slow, supersaturated carbon Is likely to be precipitated in reticular form at the grain bound- 
ary. Accordingly, it is preferable that the cooling rate at this time be 1 0°C/minute or more. Preferable methods for achiev- 
ing a cooling rate of 1 0°C/minute or more include gas cooling to the intermediate holding temperature in a carburization 
diffusion chamber, transferring to a cooling chamber outside the carburization diffusion chamber and lowering to the 
intermediate holding temperature, and temporarily quenching after carburization diffusion followed by heating to the 
intermediate holding temperature. 

[0094] Moreover, in the production process of the high bearing pressure-resistant member, in addition to the above 
steps, nitridihg is performed either simultaneous to carburization (carburization nitriding) or following completion of car- 
burization, and therefore precipitation of reticular carbide Is prevented by nitrogen m solid solution. 
[0095] Since the production process of the high bearing pressure-resistant member of the present invention pref- 
erably includes precipitating carbide while holding a member (material member) composed of mechanical structural 
steel containing Cr and 0.6 1 .5% of carbon at a precipitation temperature Tp (°C) having for its upper limit temperature 
T (°C) calculated from the above first equation for an amount of time shorter than time t (hr.) calcutated according to the 
above second equation, followed by performing quenching after holding at the austenite region temperature. As a 
result, precipitation of coarse, reticular M 3 C-type carbide (cementlte) at the surface layer portion that contains the depth 
location of maximum shearing stress caused by rolling contact Is inhibited so that microscopic M^Ce-type carbide that 
is stable even at the semi-high to high temperatures (300°C or less) is precipitated and the matrix becomes a marten- 
site structure. This allows the obtaining of a similar biphasic structure and the obtaining of the high bearing pressure- 
resistant member that has excellent surface fatigue strength such as pitting strength and rolling fatigue strength, while 
also realizing low production cost as a result of not requiring a carburization step. 

[0096] Since the production process of the high bearing pressure-resistant member of the present invention pref- 
erably includes precipitating carbide by holding a member composed of mechanical structural steel containing 1.2 to 
3.2% of Cr, 0.25 to 2.0% of Mo and 0.6 to 1.5% of C at a precipitation temperature Tp (°C) having for its upper limit tem- 
perature T (°C) calculated from the above first equation for an amount of time shorter than time t (hr.) calculated accord- 
ing to the above second equation, and quenching by cooling rapidly after holding at the austenite region temperature. 
In this production process, a carburization step is similarly not required, and precipitation of coarse, reticular M 3 C-type 
carbide at the surface layer portion that contains the depth location of maximum shearing stress caused by rolling con- 
tact is similarly inhibited. Addftionally, a biphasic structure is obtained consisting of a first phase that does not contain 
carbide and a second phase in which microscopic carbide is precipitated in a matrix consisting of martenslte and/or 
balnlte. Consequent^, a high bearing pressure-resistant member can be inexpensively obtained that secures high 
hardness and has excellent surface fatigue strength such as pitting strength and roiling fatigue strength even under high 
bearing pressure. 

[0097] In the production process of the high bearing pressure-resistant member, since nitriding is preferably per- 
formed on the member (material member) in addition to the above, precipitation of reticular carbide on the member sur- 
face is inhibited by nitrogen In solid solution. Furthermore, the nitricfing treatment at this time may be performed before 
or after the carbide precipitation step. In the production process of the high bearing pressure-resistant member, since 
holding at the austenite region temperature prior to quenching is preferably performed simultaneous to the carbide pre- 
cipitation step, this step can be simplified in the case the austenite region temperature coincides with the carbide pre- 
cipitation temperature, thereby enabling cost to be reduced 

EMBODIMENTS 

[0098] The following provides a detailed explanation of the present invention based on its embodiments. 
Embodiment 4 

[0099] Small roller test piece 1 for roller pitting testing as shown in Fig. 1 (diameter of large diameter. portion D1 = 
26 mm, length of large diameter portion LI = 28 mm, diameter of small diameter portion D2 = 24 mm and length of small 
diameter portion 12 = 51 mm), and disk -shaped test piece 3 for thrust-type rolling fatigue testing as shown in Fig. 2 
(diameter D4 = 60 mm, thickness t2 = 5 mm) were cut out using mechanical structural steel of each of the compositions 
shown in Table 9. Then, after performing carburization or carbonitrirfing, carbide precipitation treatment, quenching and 
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irj^ST^S t0 e,th9 L° f f e f 0ndItlons 8hown ln «*■ 9A ^ough 10G. the surface of each test piece was fin- 
ished by grinding. Plasma carburlzation was used for the carburization method at this time. 



Table 9 
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20 



Type of Steel 






Chemical Composition (wt%) 


T* 




C 


Si 


Mn 


P 


S 


Ni 


Cr 


Mo 


V 




1A 


0.20 


♦ 0.25 


0.30 


0.015 


0.009 


1.9 


2.00 


0.70 


0.20 


7B4.2 


1B 


0.20 


0.25 


0.80 


0.015 


0.009 




1.10 


0.15 




770.25 


1C 


1.00 


0.25 


0.30 


O.015 


0.003 


2.0 


2.00 


0.70 


0.19 


785.5 


1D 


0.60 


1.03 


0.39 


0.013 


0.005 


2.1 


2.10 


1.20 


0.00 


1062.9 


1E 


0.40 


1.00 


0.35 


0.015 


0.006 


2.0 


2.00 


1.50 


0.20 


1043.5 i 


IF 


1.B0 


1.10 


0.40 


0.014 


0.003 


1.9 


2.10 


1.40 


0.20 


1039.7 


1G 


0.20 


1.00 


0.30 


0.015 


0.015 


2 


1.50 


1.50 


0.20 


1028.5 



T o 675 + 1 20 • Sl(%) - 27 • Ni(%) + 30 * Cr(%) +215- Mo(%) • 400 • V(%) 



25 



30 



35 



AO 



im«D L, B r^r , ?° . TO " n9 P""^ 1 ^ was conducted under the conditions shown In Table 2 by combining 
roller prtting tone or the number of repetitions or rotations (times) until pitting occurred 

Ztf-L Jr» ddlti K- ' ^ TE* *° tHe ro " ln9 fatigue test - *8X-6haped test pieoe 3 and three spheres 5 as partner 

fJSn^ t!^ T P 'f 6 3 " detefmi " ed - to'">w»: Five rolling fatigue tests were repeated to obtain eS 
result of number (times) of turning of three spheres 5 along the periphery of disk-shaped test piece 3 at a time when 

Zr'T ?r ^ "» C ° nm0nS Shown ,n Tabla 3 ™ a » «ve tesmsuns wewed onT^eou! 
Z ' 6 « y determ,nlnfl the da ™9 a ProbabUity 50% We (L50) which was the life (the above tumSg 
number)until the separation or peeling occurred. iuhiuib 

ISn J^fJ^^IL 0 " ° f ,! h8 thrU8, - type test P ,ece obtalnad ln »• above manner was corroded with an alcohol 
the S *t • Bfter ^ mlcro P hoto 9™P'« ■» 1 0.00" rnagn.ficat.ons of first cross-section of 

Seel oeme^l XT ?? "SET 0 * SUrfB ° e l ° ° d8pth ° f 01 mm and °' cross-section (of the test 

Zto/Z SSSIT.? ^ ^-section by using a scanning e.ectron microscope. The second cross- 

the fi°£^^ h P * ° mm 01 ,he ,est piece - T^ter. mean particle size of the precipitated carbide at 
he first cross-secfon and surface area ratio (rate) of the precipitated carbide at the second cross-section were meas- 

race area ratio (rate, %)of carbon in the second phase was measured 

2v2L m » CUtti T ,r0m i! ,e u PP ermost surface of •»>• tes » P'ece to a depth of 0. 1 mm were sampled, and carbon den- 
slucture Z JESS? °T » C .T bUSti ° n meth ° d l ° d8termlne * B surface cafbon ^nsity Moreover, predate 

ttn 2 rin , t 'i entHied from e,ectron beam d,f,rac,, ° n p**™ to i?^ 

u^^T* ° " * me above - mantl0 " ad s ««»nd cross-section located .at a depth of 0.1 mm" was also measV 

roioi ^ r ,SS, ° n „ spec,ra f hemlcal ^'V 518 - ad °W°". structure of the base materia, (matrix) was confirmed. 
iui 04] These results are shown in Tables 1 0 and 11. 
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Classification 


Type of Steel 


Heat treatment 
conditions 


Surface car- 
bon density 
(wt%) 


Carbon den- 
sity at depth of 
max.- shearing 

stress (wt%) 


Base material 
structure 
(wt%) 


Precipitate 
structure 


Invention 
example 31 


r 1A 


Fig. 9A 


1.0 


0.6 


Marten site 
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Table 10 (continued) 



5 


Classification 


Type of Steel 


Heat treatment 
conditions 


Surface car- 
bon density 
(wt%) 


Carbon den- 
sity at depth of 
max. shearing 

stress (wt%) 


Base material 
structure 
(wt%) 


Precipitate 
structure 




Invention 
example *x£ 


1C 


Fig.9C 


1.0 


1.0 


Martensite 


M23 C 6 


10 


Invention 
example oo 


ID 


Fig. 9D 


0.6 


0.6 


Martensite 


M^jCb 




Invention 
example 34 


1A 


Fig.lOE 


1.1 


0.7 


Martensite 


M23C5 


15 


Invention 
example 35 


1A 


Fig.lOF 


1.1 


0.6 


Martensite 


M 2 3C 6 




Invention 
example 36 


1A 


Fig.lOG 


1.0 


0.6 


Martensite 


M23C6 


ZO 


Invention 
example 37 


1E 


Fig.9C 


0.4 


0.4 


Martensite 






Comparative 
example 21 


1B 


Fig.9B 


1.1 


0.7 


Martensite 


M 3 C 


25 \ 


Comparative 
example 22 


1F 


Rg.9C 


1.8 


1.8 


Martensite 


M23C 6 + M3C 
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Table 1 1 



Classification 


Precipitate 
mean particle 
size (urn) 


Carbon surface 
area ratio in 2 nd 
phase (%) 


Surface area ratio 
of 2 nd phase (%) 


Thrust test life 
(L50) (times) 


Roller pitting life 
(times) 


Invention exam- 
ple 31 


0.25 


15.8 


81 


B.8x10 7 


Surpassed 10 7 


Invention exam- 
ple 32 


0.17 


17.9 


52 


8.1 x10 7 


Surpassed 10 7 


Invention exam- 
ple 33 


0.18 


12.4 


22 


7£x10 7 


Surpassed 10 7 


Invention exam- 
ple 34 


- 0.16 


23.1 


35 


7.9X10 7 


Surpassed 10 7 


invention exam- 
ple 35 


0.19 


18.8 


23 


8.9X10 7 


Surpassed 10 7 


Invention exam- 
ple 36 


0.20 


20.1 


19 


9.1X10 7 


Surpassed 1 0 7 


Invention exam- 
ple 37 


0.19 


2.0 


2 


5.3x1 0 6 


Surpassed 10 7 


Comparative 
example 21 


3.80 




0 


2.1X10 7 


Surpassed 10 7 


Comparative 
example 22 


4.20 


22.2 


55 


3.4X10 6 


Surpassed 10 7 
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[01051 As b clear from the results shown In Tables 10 and 11, after performing carburization treatment on the Cr- 
l££L m S k°k a i SUI1ape Carb0n denS,ty te within me P rescr ">ed range, namety 0.6 to 1.5%. with respect to the 
S 8 8 ( ,k 9 ^ PfeSSUre membCr) ° f lnven,lon example 31 • and not Performing carburization treatment on steel 
w!™£ ^ *.!•? C ° n . tentS °' Cr ° W " h reSpeCt t0 ,he ,8St pieces °» ,nventlon ^P'* 8 32 and 33. carbide 
t3 P h^ y I'"" 9 3t ° t « m P erature hBV, "9 for Its upper limit temperature T (°C) calculated based on equation 
I; ZSi I bi°S? * * e austenlte re9 '° n ,emperature 01 850 ° c . o^nching and tempering were performed, as a reaun 
mte^oL m r f lT 8 ,0rmea Whl ° n S SeCOn ° phase ^ formad at a ™9* «* fro ™ 20 to 80% wherein 

of S fo% 6 "S S„t t 9 8 Pa ^ e S ' Ze °' 0 3 »* m ° r ' eSS P reci P te ««rf * « ^*oe area ratio 
or aoout 1 0 to 20 A,, and both pitting life and rolling fatigue life were confirmed to be drastically improved 

was°no Ca * i r n T.Z, Unde . f ,he K eat "! atment C ° ndiB0nS Sh0Wn F ' 9 90 a PP |ied ,0 inventi °" ex ^P'« 33. there 
c^r^nL J^ SteP ° Se ™,i d m WhiCh ,he tem P era,ure b temporarily held at a low temperature fol owing 
carburization treatment in comparison with other heat treatment conditions. However, in invention example 33 since the 
steel type of symbol ID shown in Table 9 was used for the raw materia, steel, upper imit tempemture Tfor ca'mWe pr^ 

nuf^h IT .. T P : ec 'P ,ta ed dur, "9 me «™ *"o temperature was held at the austenlte tempemture of 850-cTor 
tin o m Z rir^n °T1 n9 °' eXCe " ant 00,6 hartneSS and tem P er softeni "9 resist ««oe as well assatlsfactory pt 
dunno wTl ^e fr^T 6 ' " ^ ^ the h8at ,rea,ment ln ,nventlon exam P ,e «• » e prec.pltettonX 

!te rto frSS of d n JrJr, nti ° n CXarnpla ^ ' s ' nce oarburfzatlon treatment was performed under conditions such that 
™Z J u tem P era,ure Td <° c ) *o carburization temperature Tc (-Q was 1.1 followed by temporarily 

™*"fZ d T t0 1 SUbJeCte ° ,0 938 COO " n9 (COonn 9 ra,e: 80 ° C/min * i"" °o<rfer reticular cam d ZZ Tnot 
precipitated on the rolling surface and a structure was formed In which M a C 6 -type carbide was finely dispersed r^utt 

burtertlon treatment under condrtions such that the Td/Tc ratio was 1.18 followed by temporarily quenchina In oFat 
? T 2000,C/min ) and Precipitating carbide for 5 hours at 650«C. the temSmtui Z m ised ,o he 

™.i!T w ii? , ? the ab0Ve ,nvention example 34 in which carburization and diffusion were followed bv oas 
« EES?" ""f ^ Pitt,n9 5tren9th and rolnn9 fati9Ua ^"Sth were slmilariy obtained. * ^ 

EI ^i.,H n B ^ i 0n "J n inVanli0n eXamp,a 36 ' ca *onitrlding was performed by introducing ammonia gas into the fur- 
ZZa warn tm * enri> » qUM ° °» at 60 ° C ' Citation treatment. qu^h Jg anTtel 

S KSSTlr , 8 ,!™ ,ar manner - ^ a resutt - tt ^ rfomonstrated that there was slmilariy no preciptetlonTf 

?^ K, 03 ^ 8 °" the r0,,,n9 SUrfoce - 8 18 obteined «»» W"'oh ^ 3 C 6 -type cartSldTwrrrety 

d«persed. and that stable pitting strength and rolling fatigue strength are obtained. * 

- a o ^„ ^K 9 r P ! rt '° n °' the ' nner d ' ameter h0,e at me "P« of the ^ sks (Potion F in Rg. seTand re^Zar 

T a !i eb rv dln9faW9U ^ 

ice Itfe (bending atigue life) until separation or cracking was made. Additional^, the roiling fatigue JTe of TcTlS Td 
so ZT^uT l 9 16w ^ deriwd »^ thetes '^o«meabove V discus S edro^^^^^ ^ 

SHI ■ n ' 88 8h ° Wn Table 12 ' ,he ronln 9 elemente in inve "«on examples 38, 39 and 40 (Itrese resoec- 
IveV coincide w«h the combinations of steel types end heat treatment conditions of hventior^ , Samples 31 34 TnSS 
in ^bod,ment 4) had a structure in which M^type carbide was precipitated. Consequent 

,here " feSiStanCe «° P,a8tfe d '' 0fmati - ™ a « A S5 Sg ?es- 
55 ^, "m f^eom^Z ' S 9 ,emper , haro " esa eve " ^ ">o location of the depth of maximum shearing stress. 

with th»^K f . • me r ° ,,,ng elemems Pertaining lo comparative examples 23 and 24 (these coincide 

I niT?^ ^ e ' ■* yP "- a0d h6at ,rea,men, COndHi ° nS °' COmparative exa -P- 31 and 32 SbSmem 
4). since M^Ce-type carbKJe is not precipitated, there is increased susceptibiiity to plastic deformation at high contact 
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bearing pressures, and separation was confirmed to occur easily. 



Table 12 



5 


Classifica- 
tion 


Type of Steel 


Heat treat- 
ment condi- 


site (Figs. 
8A.BB) 


2 nd ohase 
surface 


Endurance testing 








tions 




area ratio 








10 












Qhntnooninn 

oiiuifjccniny 


nomng 
fatigue life 


Bending 
fatigue life 




Inv. Ex. 38 
(Inv Ex.31) 


1A 


Fig 9A 


A 




No 


® 










R 




No 


® 












/■» 

u 


64 


No 


® 




15 








u 


20 


Yes 




o 










fc 


78 


No 


® 












[ c 
r 


15 


Yes 






20 


Inv Ex 3d 
(Inv. Ex. 34) 


1 A 


Pin i nr* 
rig. l 


A 


52 


No 












O 


49 


No 


® 












c 


42 


No 


i ® 




25 








D 


12 


Yes 














E 


45 


No 


® 












F 


8 


Yes 








Inv, Ex. 40 
(Inv. Ex. 36) 


1 A 


rig. lUUi 


A 


22 


No 






30 






B 


15 


No 


® 












C 


13 


No 


® 












u 


8 


Yes 






35 








fc 


16 


No 


® 












r 


3 


Yes 




o 




Comp. Ex. 
23 (Comp. 
Ex. 31) 


1B 


Fin QR 


A 

*\ 


0 . 


No 


o 










p 


0 


No 


o 




40 








c 


0 


No 


o 












D 


0 


Yes 




o 






i 




E 


0 


No 


o 




45 








F 


0 


- Yes 




o 




Comp. Ex. 
24 (Comp. 
Ex. 32) 


1C 


Fig. 9C 


A 


55 


No 


o 










B 


38 


No 


o 












C 


34 


No 


o 




50 








D 


16 


Yes 




A 










E 


39 


No 


o 












F 


11 


Yes 






55 


Note) 

® indicates excellent evaluation; 
O indicates better evaluation; 
O indicates better 
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Embodiment 6 



TO 



IS 



[011 3] Atterperfbrmlng lathe turning and gear cutting usin 5 steels 1A, 18 and 1 F shown in Table 9 In the same 
M^e-type ca/blde, temper hardness was low and pitting occurred easily. H'w»?n 01 



Table 13 
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Classification 


Type of Steel 


Heat Treatment 


Arc Height 


Pitting Ufe 




Invention example 41 (Invention 
example 31) 


1A 


Fig. 9A 


0.95 


Surpassed 1x1 0 7 times 


25 


Invention example 42 (Invention 
example 34) 


1A 


Fig. 10E 


0.94 


Surpassed 1x10 7 times 




Invention example 43 (Invention 
example 36) 


1A 


! ■ Fig. 10G 


1.12 


Surpassed 1x10 7 times 


30 


Comparative example 25 (Comp. 
Example 31) 


IB 


Rg. 9B 


0.91 


4.4x10 e times 




Comparative example 26 (Comp. 
Example 32) 


1F 


Fig. 9C 


0.97 


0.8x10 6 times 


35 


rvoiej ■ 
Arc height indicates intensity of shot-peening and corresponds to height of 


warp of thin $\ 


leet under shot-peening. 
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[0117J Although the invention has been described above bvmterArw, to ^r* Q i« ^ , . 

Invention ic not n™*^ *w _,. wove oy reference to certain embodiments of the nvention the 

described above will occur to^hose'sklHed^'n fte^rHn fiaht J^ 0< *j[' ca '' ons «- variations of the JSSlZ 
defined w.th referenced foSg °c£™ ' * " ^ teaChi " 9S - The °* *• 



45 Claims 



1. 



50 



SS 



A high bearing pressure-resistant member comprising 

o„7^^ a ' TT** Stee ' con,alnin 9 Cr > saW mechanical structure, steel including a matrix having at least 

^ " 1 Perced Pr6Cipita,ed in '° rm ° 4 31 ' eaS » °" e * 9 enara »y sphered 
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3. A high bearing pressure- resistant member as claimed in Claim 2. wherein said second phase region includes car- 
bide which contains M^Cg-type carbide containing at least Cr, dispersed and precipitated in the second phase 
region. 

5 4. A high bearing pressure-resistant member as claimed In Claim 2, wherein a surface area ratio of the second phase 
region at a site subjected to rolling fatigue due to rolling contact and sensitive to a surface origin separation is within 
a range of from 3 to 1 00% at a uppermost surface of said mechanical structural steel. 

5. A high bearing pressure-resistant member as claimed in Claim 2, wherein a surface area ratio of the second phase 
w region at a site subjected to rolling fatigue due to roiling contact and sensitive to a surface origin separation is within 

a range of from 50 to 80% at a uppermost surface of said mechanical structural steel. 

6. A high bearing-pressure resistant member as claimed in Claim 2, wherein a surface area ratio of the second phase 
region at a site subjected to bending fatigue by a repetitive load of bending stress is 90% or less at a uppermost 

is surface of said mechanical structural steel, wherein shot-peening is performed at the uppermost surface. 

7. A high bearing pressure- resistant member as claimed in Claim 6, wherein the surface area ratio of the second 
phase region at the site subjected to bending fatigue by a repetitive load of bending stress is 30% or less at the 
uppermost surface of said member, wherein shot-peening is performed at the uppermost surface. 

A high bearing pressure-resistant member as claimed in Claim 2, wherein a surface area of the second phase at 
the site subjected to rolling fatigue by a repetitive load of shearing stress caused by rolling contact is 3% or more 
at a surface layer extending from a surface of said material member to a depth location where a maximum shearing 
stress occurs. 



20 



25 



30 

10. 



A high bearing pressure-resistant member as set forth in claim 8, wherein the surface area ratio of the second 
phase at the site subjected to rolling fatigue by a repetitive load of shearing stress caused by rolling contact is 50% 
or more at the surface layer extending from the surface of said material member to the depth location where the 
maximum shearing stress occurs. 

A high bearing pressure-resistant member as claimed in Claim 3, S is contained in an amount of 0.01% by weight 
or less relative to weight of said mechanical structural steel. 

11. A high bearing pressure-resistant member as claimed in Claim 3. wherein said carbide is dispersed and precipi- 
35 tated at a surface area ratio ranging from 0.3 to 30% in the second phase region. 

12. A high bearing pressure-resistant member as claimed in Claim 10, wherein nitrogen is contained in solid solution 
in an amount ranging from 0.01 to 0.5% by relative to weight of said material member, at least a location from a 
surface of said high bearing pressure-resistant member formed before grinding to a surface of said high bearing 

*o pressure-resistant member formed after grinding. 

13. A high bearing pressure-resistant member as claimed in Claim 2, wherein said mechanical structural steel contains 
Cr in an amount ranging from 1 .2 to 3.2% by weight and Mo in an amount ranging from 0.25 to 2.0% by weight 

14. A high bearing pressure-resistant member as claimed in Claim 13. wherein nitrogen is contained in solid solution 
in an amount ranging from 0.01 to 0.5% by weight relative to weight of said high bearing pressure -resistant mem- 
ber, at least a location from a surface of said member formed before grinding to a surface of said high bearing pres- 
sure-resistant member formed after grinding. 

1 5. A high bearing pressure-resistant member as claimed in Claim 1 3, wherein sulfur is contained in an amount of not 
more than 0.01 % by relative to weight of said mechanical structural steel. 

16. A high bearing pressure-resistant member as claimed in Claim 2, wherein said carbide at least at a cross-sectional 
surface of said mechanical structural steel located at a depth of the occurrence of maximum shearing stress 
caused by rolling contact is dispersed and precipitated in a surface area ratio ranging from 0.3 to 30%. 

17. A high bearing pressure -resistant member as claimed in Claim 16, wherein said steel has a surface carbon density 
at a site subjected to rolling fatigue caused by rolling contact, within a range of from 0.6 to 1 .5% by weight. 
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1B. A high bearing pressure-resistant member as claimed In Claim 2, wherein a carbon density at a site subjected to 
rolling fatigue by a repetitive load of shearing stress caused by rolling contact Is 0.5% by weight or more. 

1 9. A high bearing pressure-resistant member as claimed In Claim 2, wherein said member is a rolling element forming 
part of a toroidal continuously variable transmission. 

20. A process of producing a high bearing pressure-resistant member, comprising: 

performing a carburlzation treatment on a material member formed of a mechanical structural steel containing 
Cr so that a surface carbon density of said mechanical structural member is within a range of from 0 6 to 1 5% 
by weight; * 

precipitating carbide by holding the carbtirized material member at a precipitation temperature Tp (<>C) having 
an upper limit temperature T (°C) calculated according to a first equation: T = 675 + 120 • Si(%) - 27 • Ni(%) + 
30 1 • Cr<%) + 215- Mo(%) - 400 • V(%) based components of the material member for a time shorter than a time 
t (nr.) calculated according to a second equation: t = i 0 n9ocxyTp+273, - 20) based 0fVSaW predpltation te 
ature Tp (°C); and v 
quenching the carbide-precipitated material member by rapidly cooling the carbide-precipitated member after 
holding the carbide-precipitated material member at at least one of a Ac, transformation temperature and a 
temperature at which austenite phase is formed. 

21. A process as claimed in Claim 20, wherein said material member contains Cr in an amount ranging from 1.2 to 

» 1, 9 and M ° in an amOUnt ran9ing fnm °' 25 to 2 0% °y wei 9 ht s0 « *° have * surface carbon density 
™ a ra "9 e of from 0.6 to 1.5% by weight, wherein said performing carburlzation treatment includes setting a 
carbon aerwlty at a site of a depth of occurrence of maximum shearing stress caused by rolling contact, within a 
range of 0.5% by weight or more. 

22. A process as claimed In Claim 21 , wherein a ratio (TaTTc) of a diffusion temperature Td (<>C) after the carburization 
treatment to a carburization temperature Tc (*C) during the carburization treatment is within a range of from 1.05 
to 1.25. 

23. A process as claimed in Claim 22, wherein a cooling rate in a transient time from completion of the carburization 
treatment to said precipitating carbide is 10»C per minute or more. 

24. A process as claimed in Claim 23. wherein nltriding is perfoimed on said material member simultaneous to or after 
completion of the caiburization treatment 

25. A process as claimed in Claim 20. wherein the mechanical structural steel contains Cr and cartron In a range of 
from 0.6 to 1 .5% by weight. 

26 * ^T^Jt C,a ' med in C ' aim 20, Whereln mecha "'ca' structural steel contains Cr In an amount ranging from 
► « c.:! ^ we, 9 ht - Mo In an amount ranging from 0.25 to 2.0% by weight, and C In an amount ranging from 0.6 
to i .5% by weight 

27. A process as claimed in Claim 20, wherein holding the carbide-precipttated material member at at least one of a 
Ac, transformation temperature and a temperature at which austenite phase is formed also serves as said precip- 
Itating carbide. 

28. A process of producing a high bearing pressure-resistant member, comprising: 

performing carburization treatment on a material member formed of a mechanical structural steel containing 
Cr so that said material member has a surface carbon density within a range of from 0.6 to 1 .5% by weight- 
precipitating carbide by holding the carburized material member at a temperature having an upper limit tem- 
perature T(°C) which is calculated from an equation: T s 675 + 1 20 • Si(wt%) - 27 • Ni(wt%) + 30 • Crfwt%) + 
215»Mo(wt%)-400« V(wt%);and 

quenching the carbide-precipitated material member by rapidly cooling the carbide-precipitated member after 
noWing the carbide-precipitated member at a temperature at which austenite phase is formed. 

29. A process as claimed in Claim 28. wherein said mechanical structural steel contains Cr in an amount ranging from 
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1 .2 to 3.2% by weight, and Mo in an amount ranging from 0.25 to 2.0% by weight, wherein the carburfcatlon treat- 
ment performing includes causing said material member to have a carbon density of not less than 0.5% by weight 
at a location of depth of said member where maximum shearing stress occurs caused by rolling contact. 

5 30. A process as claimed in Claim 28. wherein said mechanical structural steel contains Cr In an amount ranging from 
1 .2 to 3.2% by weight, Mo in an amount ranging from 0.25 to 2.0% by weight, and C In an amount ranqino from 0 6 
to 1.5% by weight. 

31. A process as claimed in Claim 28. wherein said carburlzation treatment performing includes nitriding said material 
io member. 
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FIG.1 
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FIG.5H 
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